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Objectives: To study bowel ischaemia in transfemorally placed endoluminal grafting (TPEG) for abdominal aortic 
aneurysms, and any relation to cytokine response or postoperative fever. 
Design: Prospective not randomised. University hospital setting. 
Material: Fourteen cases of conventional surgery and 23 cases of endovascular technique for infrarenal abdominal ortic 
aneurysm repair. 
Methods: Tonometry was used for sigmoid colon pH, and ELISAs for serum IL-6. 
Results: MucosaI pH in the sigmoid colon fell significantly during clamping and reperfusion i  both groups. Lowest 
measured sigmoid colon pH was 7.10 in the open group, compared to 7.22 in the TPEG group (p<O.05). 
The IL-6 levels in serum peaked after 4h of reperfusion; 249pg/mI in the open group, compared to 89pg/ml in the 
TPEG group (p<O.05). High levels of lL-6 in the postoperative p riod and persisting low sigmoidaI pH were associated 
with serious complications. 
Postoperative t mperature did not differ significantly between the groups, and no significant correlation could be found 
with sigmoid colon pH or IL-6 levels. 
Conclusions: The less pronounced perioperative bowel ischaemia n TPEG patients indicates an advantage of the TPEG 
technique. Splanchnic ischaemia was not related to postoperative fever, nor the IL-6 or TNF response. 
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Introduction 
Non-infectious fevers after major surgery and trauma 
are well recognised. When endovascular techniques 
for abdominal ortic aneurysm repair were introduced, 
a postoperative f ver of uncertain origin was noted, 
despite a minimally invasive approach. It is reported 
that splanchnic ischaemia promotes bacterial trans- 
location, 1 and endotoxaemia is a stimulus for the re- 
lease of cytokines uch as interleukin-6 (IL-6) and 
tumour necrosis factor (TNF), which are capable of 
producing fever. 24 Hence, splanchnic ischaemia could 
be a source of the reported postoperative f ver. 
Cytokines are important mediators of the local in- 
flammatory esponse, triggering a cascade of reactions 
* Please address all correspondence to: I. Syk, Department of 
Surgery, University Hospital of Malm6, Allmanna Sjukhuset, 
S 205 02 MalmO, Sweden. 
including chemotaxis and activation of leukocytes, 
T cells and NK cells. Moreover, IL-6 is reported to 
induce the production and release of C-reactive protein 
(CRP). 5-7 Circulating IL-6 has been reported after major 
surgery and trauma, 2'5'8-14 the serum levels correlating 
to the magnitude of trauma. 8'~°-11'~5-17 TNF has been 
found sporadically in aortic or other major surgery, 
but frequently in cases of a bacterial challenge or post- 
traumatic infectious complications. 18-25 Endotoxaemia 
has been reported in aortic surgery and septic con- 
ditions, I'~2'26-2s and is a stimulus for TNF and IL*6 
release. A prolonged or enhanced IL-6 or TNF response 
in the postoperative/post-traumatic per od is a bad 
prognostic sign.5'7'~'~5'~9'29-3°. 
Open surgery for aortic aneurysms requires clamp- 
ing of the aorta, which implies a risk of splanchnic 
ischaemia. With transfemorally placed endoluminal 
grafts (TPEG), clamping of the aorta is not required. 
Hence, this technique might lead to less intraoperative 
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Table 1. Perioperative white blood cell count and blood platelet concentration as median with range. 
White blood cell count, 109/1 Platelet concentration (109/1) 
Preoperatively 4 h of reperfusion 3 days Preoperatively 
postoperatively 
4 h of reperfusion 3 days 
postoperatively 
TPEG 7.3 11.6 9.9 207 
(5-9.4) (6.6-1.9.1) (6.2-15.3) (133-353) 
Open 7.9 11.4 9.6 209 
(5.8-].2.2) (6.1-20.9) (2.9-15.3) (160-273) 
Statistical N.S. N.S. N.S. N.S. 
significance 
All 7.5 11.5 9.9 207 
(5-12.2) (6.1-20.9) (2.9-15.3) (133-353) 
139 145 
(66-239) (75-222) 
106 118 
(82-171) (78-176) 
p<0.05 N.S. 
118 126 
(66-239) (75-222) 
splanchnic ischaemia, but this has not been studied 
before. Irrespective of what method is used, occlusion 
of a patent inferior mesenteric artery increases the risk 
of postoperative ischaemia in the sigmoid colon - 
especially when flow through the internal iliacs is 
compromised. 
Severe ischaemia with development of bowel gan- 
grene is reported in 1-3% of cases following open 
aortic surgery, 16'3~'32 and the rate of less pronounced 
ischaemia is unknown. Ischaemia reperfusion injury 
triggers complex reactions, which may lead to adult 
respiratory distress syndrome (ARDS) and multiple 
organ dysfunction syndrome (MODS). A threshold for 
pH in the sigmoid colon around 7.00 has been reported, 
below which postoperative morbidity and mortality 
increases after aortic surgery. 6'27'29'33'35 By measuring 
intraluminal pCOa, which is in equilibrium with mu- 
cosal pCO2i pH in the sigmoid mucosa can be cal- 
culated by a well-established method. 6'33'B4'36 This gives 
a good indication of hypoxia. 
Ischaemia reperfusion injury in the splanchnic re- 
gion and in the lower extremities triggers the release 
of IL--6 and TNF. 27'37-41 High levels of IL-6 and TNF in 
the systemic blood stream induce severe systemic 
adverse reactions. TNF induces ashock response, with 
a dramatic fall in blood pressure and peripheral per- 
fusion. In the pulmonary vascular bed, IL-6 and TNF 
upregulate the endothelial expression of adhesion 
molecules (ICAM and LECAM), leading to a se- 
questration ofleukocytes inthe lungs, and an increased 
permeability for macromolecules. 17'~7'41-43 Migration of 
leukocytes through the endothelium occurs, and a 
flow of macromolecules follows, leading to ARDS. 
Similar changes occur in the kidneys and myocardium, 
leading to MODSJ 9'38 Pretreatment with antibodies 
to TNF-a and IL-6 in experimental models prevents 
remote organ injury 27'37'39-41'44-45 indicating the patho- 
genic role of cytokines. 
The aim of the present study was to compare the 
degree of bowel ischaemia in conventional surgery 
and TPEG procedure for AAA, and to study any 
correlation between postoperative fever or bowel isch- 
aemia and cytokine release. 
Material 
Thirty-seven patients treated for an infrarenal ab- 
dominal aortic aneurysm (AAA) were included in the 
study; 23 with the TPEG technique (14 aortoiliacal +
fern-fern cross-over; eight aortobifemoral; one tube 
graft) and 14 by conventional open technique (seven 
straight; seven bifurcated grafts), in seven cases via a 
standard transperitoneal pproach and in six cases 
via an extraperitoneal approach. All patients with a 
proximal neck (distance from renal arteries to the start 
of the aneurysm) of 10 mm or more were considered 
for TPEG procedure, whereas patients with a neck 
shorter than 10 mm were treated by conventional open 
surgery. The groups did not differ in age or gender 
distribution. Median age was 71 in both groups (range 
55-84 in the TPEG group; 59-81 in the open surgery 
group); female:male ratio was 1:22 and 2:12 re- 
spectively in the groups (Table 2). The median size of 
aneurysm on preoperative CT scan was 55 cm in both 
groups, ranging between 45-79 mm in the TPEG group 
and 45-85 mm in the open surgery group. Irrespective 
of surgical technique, infrarenal repair with Woven 
Dacron, Cooley Very Soft grafts (Meadox, Boston Sci- 
entific; Boston, U.S.A.) were used. In the TPEG cases, 
stainless teel Gianturco stents (Cook; Baegsved, Den- 
mark) and stainless steel Wallstents (Schneider; Biilach, 
Switzerland) were used. 
Both groups had a combination of general an- 
aesthesia (thiopenthal, fentanyl, atracurium, N20 ) and 
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epidural anaesthesia (Thl0-L1 with bupivacain or me- 
pivacain). Low molecular weight heparin (40 mg Klex- 
ane®) was given routinely as thrombosis prophylactics 
in both groups, and intravenous infusion of kloxacillin 
(three doses of 2g) was given as infection pro- 
phylactics. There were no differences in paracetamol 
or NSAID consumption between the groups in the 
postoperative p riod, and no patient was given cortico 
steroids. 
Methods  
The night before surgery an enema was given, and 
prior to surgery a tonometer catheter from Ton- 
ometrics® inc, Worcester, MA, U.S.A., was placed in 
the sigmoid colon by rigid sigmoidoscopy, and in the 
stomach as a nasogastric tube and left in place for 
24-48 h postoperatively. Tonometers have a semi-per- 
meable balloon, allowing CO2 to pass freely over the 
membrane - thus making it possible to measure pCO2 
in the lumen of the gastrointestinal tract. Mucosal 
pCO2 iS in equilibrium with intraluminal pCO2, and 
knowing the arterial HCO3-, mucosal pH can be cal- 
culated by the Hasselbach-Hendersson equation. 
Bloodsamples were taken peripherally for analysis of 
systemic serum levels of IL-6, TNF-a and C-reactive 
protein (CRP) at the following intervals: before sur- 
gery; at surgery but before clamping or placement of 
the proximal stent; i h after clamping or placement of 
stent; at maximal ischaemia (i.e. just before distal 
declamping); after 4h and 24 h of reperfusion and 
then daily for 6 days in the postoperative period. 
Splanchnic pH measurements were done at the same 
intervals, but were aborted after 48 h, unless there was 
persisting sigmoid colon ischaemia, in which case a 
72 h measurement was included. Commercial ELISAs 
(Endogen/Electrabox; Tyres6, Sweden) were utilised 
for analysis of cytokines. Several samples were double 
checked for TNF with ELISAs from Innogenetics; 
Zwijndrecht, Belgium and R&D systems; Minneapolis 
U.S.A. One batch of samples was checked in an in- 
dependent laboratory with R&D ELISA. CRP analysis 
were done by turbidometry, as routine in the hospital 
chemical laboratory. 
Peripheral blood samples were taken for white blood 
cell count (WBC); haemoglobin concentration (Hb); 
platelet concentration; serum levels of sodium (S-Na), 
potassium (S-K) and creatinin (S-Crea) on a daily 
basis. Blood-cultures were taken after 24 and 48 h of 
reperfusion and in the case of shivering or high fever. 
Temperature and clinical signs of ischaemia were re- 
corded repeatedly in the postoperative period. 
Blood loss was estimated by the anaesthetist, by 
measuring the content of the suction bottles and the 
number of towels used. Bloodsavers were used in 12 
of the 14 conventionally operated patients, giving back 
400-2800 ml of blood. In no case was preoperative 
blood donation for later autotransfusion used. 
For statistical analysis the Mann-Whitney U-test 
was used for non-paired ata and the Wilcoxon signed 
rank test for paired data, for which p<0.05 was con- 
sidered as statistically significant. For correlation tests, 
the Pearson test was used when measured values 
showed anarrow range; in all other cases the Spearman 
test was used. A strong correlation was considered 
when R/Rho _> 0.8; a moderate correlation when 
0.8>R/Rho > 0.4; and a weak correlation when 0.4>R/ 
Rho _> 0.2. All data are presented as median with range. 
Results 
Ischaemic time in the lower extremities (time until 
declamping of the last leg) was significantly longer in 
the TPEG group; 121 min (27-315 rain) compared to 
59rain (34-115 min) in the conventionally operated 
group, but total time of operation did not differ be- 
tween the groups (220 and 235 min, respectively). Me- 
dian peroperative blood loss was 300 ml (100-2500 ml) 
in the TPEG group, which was significantly less than 
the 1500 ml (400-5300 ml) in the conventional surgery 
group. A drop in haemoglobin concentration of 25 
and 24 g/1 in the two groups, respectively, was noted 
after the end of the operation. A significant fall in 
platelet concentrations at the time of maximal isch- 
aemia was noted in both groups. The decrease re- 
mained through the postoperative period and was 
significantly less pronounced in the TPEG group, with 
a maximal decrease from base line from 207 to 130, 
compared to 209-103 in the open group. A moderate, 
but significant (p = 0.0001), rise in the white blood cell 
count from 7.9 to 11.6 and 7.4 to 11.4 x 109 c/1 after 4 h 
of reperfusion, was noted in the TPEG and open group 
respectively - a non-significant difference between the 
groups (see Table 1). 
Three perioperative deaths occurred, all in the TPEG 
group. Two patients died of MODS in the postoperative 
period; in one case following a large myocardial in- 
farction at operation, with subsequent severe cardiac 
failure, leading to uraemia, liver failure and death at 
day 17. No autopsy was performed at the request of 
the relatives. The second case of MODS developed 
following ventricular fibrillation at operation, which 
was corrected, but postoperatively he remained in 
coma and developed pronounced hepatic failure and 
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died in progressive multiple organ failure. Autopsy 
showed disseminated intravascular coagulation, hep- 
atic necrosis and congestion in lungs and splanchnic 
organs. Both patients had previously been judged unfit 
for conventional aortic surgery, due to their cardiac 
disease. The third patient died at home 3 weeks after 
surgery. No autopsy was done in this case. No diar- 
rhoea, rectal bleeding or abdominal pain, indicating 
bowel ischaemia, was recorded in any of these cases. 
Two patients in the conventional surgery group 
developed severe intestinal ischaemia requiring re- 
section of the sigmoid colon and small intestine, re- 
spectively. Both patients had an uneventful recovery, 
but one of them died after 12 months from complete 
intestinal gangrene. None of them had a patent inferior 
mesenteric artery, and the patient who developed 
sigmoid colon gangrene had an occluded internal iliac 
artery on the left side as well. No reconstruction was 
made at operation. Two patients in the conventional 
surgery group developed postoperative ischaemia 
in the lower extremities, requiring acute unilateral 
femoropopliteal grafting. 
All blood cultures were negative at all measure 
points. 
Mucosal pH 
A non-significant decrease in mucosal pH in the sig- 
mold colon was noted during surgery, with the lowest 
levels just before reperfusion; 7.28 (7.00-7.43) in the 
TPEG group and 7.16 (6.95-7.43) in the conventionally 
operated group - a statistically non-significant dif- 
ference. After 4 h of reperfusion a significant decrease 
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Fig. 1. Mucosal pH in the sigmoid colon fell statistically significantly 
after clamping in the open group, but not in the TPEG group. 
Peroperative 1 = before clamping or stent; 2= 1 h after placement of 
stent or clamping; 3=just prior to distal declamping. Horizontal 
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Fig. 2. Perioperative pHin the gastric mucosa did not differ between 
the groups. Peroperative 1 =before clamping or stent; 2=1 h after 
placement of stent or clamping; 3=just prior to distal declamping. 
Horizontal line is median; 25-75% percentile within boxes; 10-90% 
percentile within vertical lines. [] TPEG; [] OPEN. 
in the pH of the sigmoid colon was noted in the open 
group; 7.25 (6.85-7.39), but not in the TPEG group; 7.29 
(7.00-7.50) (Fig. 1). The lowest perioperative sigmoid 
colon pH noted in each patient was significantly lower 
in the open group compared to the TPEG group; 7.10 
(6.82-7.37) vs. 7.22 (6.96-7.38). 
Patients with a bad outcome (perioperative death 
or bowel gangrene) had significantly lower sigmoidal 
pH after 4 h of reperfusion; 7.18 (6.85-7.22) compared 
to 7.29 (7.00-7.50) in patients without these com- 
plications (p<0.05). 
A non-significant decrease in gastric mucosal pH 
from 7.40 and 7.42 before surgery to 7.34 and 7.39 at 
maximum ischaemia was noted, in the open and TPEG 
groups, respectively. After 4 h of reperfusion there was 
a moderate but statistically significant decrease in pH 
to 7.35 in both groups (Fig. 2). 
/L-6 
Median basal levels of IL-6 did not differ between the 
groups; 13.5 pg /ml  (0-117) and 0 pg /ml  (0-64) in the 
TPEG and open group, respectively. During surgery 
serum levels of IL-6 gradually rose, peaking after 4 h 
of reperfusion. This pattern was similar in both groups 
(Fig. 3), but the response was significantly higher in 
the conventionally operated group; with median IL-6 
levels in serum after 4 h of reperfusion of 249 pg /ml  
(67-3760) compared to 89 pg/ml  (0-443) in the TPEG 
group. 
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Fig. 3. Perioperative IL-6 (interleukin-6) response was significantly 
higher in the open group. Peroperative 1 = before clamping or stent; 
peroperative 2= 1 h after placement of stent or clamping; 3=just 
prior to distal declamping. Horizontal line is median; 25-75% per- 
centile within boxes; 10-90% percentile within vertical ines. [] 
TPEG; [] OPEN. 
A statistically weak correlation was noted between 
the perioperative blood loss and IL-6 levels after 4 h of 
reperfusion (Rho = 0.39; p = 0.021). In the TPEG group a 
moderate correlation was noted between max imum 
ischaemic time in the lower extremities and IL-6 levels 
after 4 h of reperfusion (Rho = 0.41; p = 0.11), whereas 
in the open group no such correlation was noted 
(Rho = 0.073; p = 0.8). 
From the first postoperative day and onwards, the 
serum levels of IL-6 were significantly higher in 
patients who developed major complications (i.e. 
MODS or bowel gangrene). By day 3, median IL-6 
levels in sera from patients with uneventful post- 
operative periods were close to baseline (27pg/ml ;  
0-88). In the complication group, however, the median 
IL-6 levels postoperative at day 3 were 280pg/ml  
(84-18 000), (p<0.01). 
TNF 
No significant release of TNF into the systemic cir- 
culation was noted. No sample contained over 
25 pg /ml ,  which was considered the level of significant 
release. 
CRP 
The median serum level of C reactive protein (CRP) 
was <20 ml/1 in both groups before and during sur- 
gery, but rose the day after surgery to 91 rag/1 (76-159) 
in the TPEG group and 118 rag/1 (71-149) in the group 
with open surgery. During the next 2 days median CRP 
levels gradually increased in both groups, peaking on 
the postoperative day 3 at 184mg/1 (91-320) and 
128 mg/1 (123-240) in the TPEG and conventionally 
operated groups, respectively (Fig. 4). No significant 
differences in CRP levels were seen between the groups. 
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Fig. 4. Perioperative serum levels of C-reactive protein (CRP) did 
not differ between the groups. Peroperative 1 =before clamping or 
stent; peroperative 2 = 1 h after placement ofstent or clamping; 3= 
just prior to distal declamping. Horizontal line is median; 25-75% 
percentile within boxes; 10-90% percentile within vertical lines. [] 
TPEG; [] OPEN. 
Temperature 
Postoperative temperature was moderately increased 
in both groups, without any significant differences 
between the groups at any measure point. Median peak 
postoperative temperature in the TPEG was 38.4 °C 
(37.4-39.6) and in the open group 38.5 °C (37.7-39.6) 
- a non-significant difference (Fig. 5). 
Correlations between main variables 
No correlations were found between IL-6 response, CRP 
response, splanchnic pH or postoperative t mperature. 
For a summary  of results see Table 2. 
39.5 
? 
39.0 
38.5 
38.0 
37.5 
37.0 
36.5 
36.0 
35.5 I I 
1 2 3 4 5 6 7 8 9 10 
Postoperative day 
Fig. 5. Postoperative t mperature did not differ between the groups. 
Horizontal line is median; 25-75% percentile within boxes; 10-90% 
percentile within vertical lines. [] TPEG; [] OPEN. 
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Table 2. Patient material and summary of results as median and range. 
Female Age Length of Peroperative L g Peak 
:male (years) operation blood loss ischaemia IL-6 
(rain) (mls) (rain) (pg/ml) 
Lowest Lowest Peak 
sigmoid colon gastric postoperative 
pH pH temperature 
TPEG 23 1:22 71 220 300 121 
(55-84) (120-390) (100-2500) (27-315) 
Open 14 2:12 71 235 1500 59 
(59-81) (135-367) (400-5300) (34-115) 
Statistical - N.S. N.S. N.S. p<0.001 p<0.05 
significance 
All 37 3:34 71 220 1000 104 
(55-84) (100-5300) (27-315) 
150 7.22 7.32 38.4 
(36-18 000) (6.96-7.38) (7.11-7.43) (37.4-39.6) 
370 7.10 7.30 38.5 
(95-3760) (6.82-7.38) (6.99-7.38) (37.7-39.6) 
p<0.05 p<0.05 N.S. N.S. 
172 7.18 7.30 38.5 
(36-18 000) (6.82-7.38) (6.99-7.43) (37.4-39.6) 
Discussion 
Bowel ischaemia sa well known complication ofaortic 
surgery. In this study it was found that endoluminal 
grafting for AAA leads to perioperative bowel isch- 
aemia, but to a lesser extent han does open surgery. 
It was hypothesised that perioperative ischaemia could 
disrupt the bacterial barrier of the bowel, leading to 
bacterial translocation and the release of endotoxin, in 
turn triggering the release of cytokines, such as IL-6 
and TNF. These are both pyrogens, and could be 
possible mediators of the non-infectious postoperative 
fever following the TPEG procedure. In the present 
study no significant differences in postoperative t m- 
perature were seen between the groups. The median 
peak postoperative temperature were 38.4 °C and 
38.5 °C in the TPEG and conventionally operated 
groups, respectively. 
Median peak serum levels of IL-6 were more than 
twice as high in the conventionally operated group, 
but mean peak postoperative t mperature were the 
same in both groups, and no correlation between 
serum levels of IL-6 and temperature was noted. Hence 
IL-6 seemed not to be the cause of postoperative fever. 
No blood culture, at any measure point or at shiv- 
ering, yielded bacterial growth. Unfortunately, for 
technical reasons, itwas not possible to measure ndo- 
toxin in the present study, thus leaving the question 
of endotoxaemia as a cause of the non-infectiOus post- 
operative fever still open. However, the absence of 
both any bacteraemia and any TNF response indicates 
a non-infectious genesis of the postoperative f ver. 
One possible source is thrombosin, which will be 
addressed in a separate study. 
The induction of TNF response seems to be complex. 
While Swartbol and co-workers have reported a TNF 
response in endoluminal but not in open aortic surgery, 
and suggested this is influenced by graft material, 2~25'46 
no significant NF response was detected in the present 
study. The absence of positive TNF analysis was 
checked by using ELISAs from different manufacturers 
and by another laboratory verifying the same negative 
results. Baigre and co-workers did not detect any TNF 
in portal blood, despite a positive endotoxin test in 
five out of eight patients operated on for AAA, whereas 
Cabi~ and co-workers did. 18'23 In the present study, the 
lowest sigmoid colon pH was 7.10 in the open group 
and 7.22 in the TPEG group, which may not be enough 
to evoke a TNF or IL-6 response. Studies by Schlichting 
et al. showed no endotoxin or bacterial translocation 
in experimental bowel ischaemia npigs, with pH of 6.9 
and below. 47 Caty et al. has shown that otal clamping of 
the superior mesenteric artery for 60 min was not 
enough to provoke an endotoxin and cytokine release 
in rats, whereas clamping for 120 rain did, 37 and Froon 
and co-workers did not detect any TNF in electively 
operated AAA patients, but it was present in half of 
the patients undergoing surgery for ruptured AAA. 48 
The timing of sampling could also be a possible ex- 
planation for the differences in results. In the present 
series, the first sampling in the reperfusion period was 
after 4 h, whereas in the Swartbol series the peak level 
was noted after 60 min reperfusion, and only minor 
amounts were noted at the other measurepoints. 25 
The ischaemic time in the lower extremities were 
moderate, but significantly onger in the TPEG group; 
121 rain vs. 59 min. In the TPEG group a moderate 
correlation (R=0.41) to IL-6 levels after 4h of re- 
perfusion was noted, indicating ischaemia reperfusion 
injury in the lower limbs as being one possible origin 
for the IL-6 release in TPEG for AAA, whereas in the 
group of open surgery this was of minor importance. 
Most likely the IL-6 response in the group of open 
surgery was evoked by the surgical trauma per se. 
A correlation between IL-6 levels and the degree of 
trauma; length of operation; amount of blood loss, has 
been reported by several groups. 5m In the open group 
a significantly higher peroperative blood loss was 
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noted; 3100 ml vs. 350 ml in the TPEG group, with a 
moderate correlation to IL-6 levels before and after 
4 h of reperfusion. The lower postoperat ive platelet 
concentrations noted in the open group can possibly 
be explained by consumpt ion  of platelets and more 
transfusions given in this group,  due to the higher 
blood loss. 
Later in the postoperat ive per iod IL-6 levels did not 
correlate to perioperat ive blood loss or ischaemia but  
were strongly associated with serious complications. 
Serum levels of IL-6 on postoperat ive day 3 and 4 
extending 100pg/ml  were in the present series as- 
sociated with serious complications in 100%, whereas 
no patient with IL-6 levels <100pg/ml  on post- 
operative day 4 onwards  developed a serious com- 
plication. 
Impaired bowel  perfus ion was also associated with 
bad outcome, shown as a significantly lower s igmoid 
pH after 4 h of reperfusion in patients who later de- 
ve loped life threatening complications compared to 
patients wi thout  such complications. Thus both serum 
IL-6 and sigmoidal  pH may serve as useful predictors 
of serious complications in the postoperat ive period. 
Probably, this is due to their pathogenic role in remote 
organ injury. Any  risk with high intraoperative IL-6 
levels (as in the open group in this study) is not 
known,  however.  
IL-6 has been reported to be a tr igger of CRP re- 
lease, 49 but  in the present study no correlation (Rho = 
0.019) between IL-6 and CRP levels was found. Thus 
the CRP response seemed to have been tr iggered by 
an alternative pathway,  independent  of IL-6. 
Conclusions 
TPEG procedure for AAA is associated with reduced 
t rauma to the patient with a significantly lower per- 
operative b lood loss and a significantly lower IL-6 
response in serum compared to conventional  surgery. 
The less pronounced perioperat ive bowel  ischaemia 
noted in TPEG patients in this s tudy indicates an 
advantage of the TPEG technique. 
Postoperative temperature did not differ between 
the groups,  and seemed not to be tr iggered by IL-6, 
bacteraemia or associated with bowel  ischaemia. No  
correlation was noted between high postoperat ive 
fever and a bad outcome. 
A persisting decrease in s igmoidal  pH in the early 
postoperat ive period, or a remaining rise of serum IL- 
6 levels later in the postoperat ive period, may serve 
as valuable predictors of serious complications in the 
postoperat ive care of patients treated for AAA,  ir- 
respective of which method is used. 
Acknowledgements 
This project was accomplished within the framework of catpeg, and 
financially supported by the Swedish Medical Research Council 
(project 0660), Swedish Medical Association, the central ad- 
ministration of Malta0 University Hospital, Hulda Almroth founda- 
tion and the Swedish Heart Lung Foundation. 
References 
1 ZHI YONG S, DUNG YL, WANG XH. Bacterial translocation and 
multiple organ failure in bowel ischemia and reperfusion. J 
Trauma 1992; 32: 148-153. 
2 CORNELIS HW, v DEVENTER SJH, AARDEN LA, LYGIDAKIS NI, 
BOLLER HR, HOEK F let al. Interleukin 6 mediates host defence 
responses induced by abdominal surgery. Surgery 1993; 114(3): 
564-570. 
3 WORTEL CH, v DEVENTER SJH, AARDEN LA, LYGIDAKIS Xl, 
BOLLER HR et al. Interleukin-6 mediates host defence responses 
induced by abdominal surgery. Sulxery 1993; 114: 564--570. 
4 DINARELLO CA, CANNON JG, WOLFF SM et al. Tumor necrosis 
factor (cachectin) is an endogenous pyrogen and induces pro- 
duction of interleukin-1. J Exp Med 1986; 163: 1433-1450. 
5 SCt-ILOTER B, KONIG B, BERGMANN U, MULLER Er KONIG W. 
Interleukin 6 - a potential mediator of lethal sepsis after major 
thermal trauma: evidence for increased IL-6 production by peri- 
pheral blood mononuclear cells. J Trauma 1991; 31: 1663-1670. 
6 SOONG CV~ BLAIR PHB, HALLIDAY MI, McCAIGGUE MD, HOOD 
JM, ROWLANDS BJ et al. Bowel ischemia nd organ impairment 
in elective abdominal ortic aneurysm repair. Br J Surg 1994; 81: 
965-968. 
7 ERTEL W, FAIST E, NESTLE C, HUELTNER L, STORCK Met aL 
Kinetics of interleukin-2 and interleukin-6 synthesis following 
major mechanical trauma. J Surg Res 1990; 48: 622-628. 
8 CRUICKSHANK AM, ERASER WD, BURNS HJG, v DAMME J, SH- 
ENKIN A. Response of serum interleukin-6 in patients undergoing 
surgery of varying severity. Clin Scien 1990; 79: 161-65. 
9 PADOVA F DI, POZZI C, TONDRE MJ, TRITAPETE R. Selective and 
early increase of IL-1 inhibitors, IL-1 and cortisol after elective 
surgery. Clin Exp ImmunoI 1991; 85: 137-134. 
10 BAIGRE RJ, LAMONT PM, DALLMAN M, MORRIS PJ. The release 
of interleukin-1 beta (IL-1) precedes that of interleukin 6 (IL-6) 
in patients undergoing major surgery. Lymph Cytokin Res 1991; 
10: 253-256. 
11 Guo Y. Increased levels of circulating IL-6 in burn patients. Clin 
Immunol Immunopathol 1990; 54: 361-371. 
12 HocH RC, RODRIGUEZ R, MANNING TBS, BISHOP MDO, MEAD P 
et aL Effects of accidental trauma on cytokine and endotoxin 
production. Crit Care Med 1993; 21: 839-845. 
13 NIJSTEN MWN, HACK CE, HELLE M, TEN DUIS HI, KLASEN HJ 
et al. Interleukin-6 and its relation to the humoral immune 
response and clinical parameters in burned patients. Surg 1991; 
109: 761-767. 
14 PULLICINO EA, CARLI Fr POOLE S, RAFTERTY B, MALIK ST et al. 
The relationship between the circulating concentrations ofIL-6, 
TNF and the acute phase response to elective surgery and 
accidental injury. Lymfokine Res 1990; 9: 231-238. 
15 BAIGRIE RJ, LAMONT PM, KWIATKOWSKI D, DALLMAN MJ, MORRIS 
PJ. Systemic ytokine response after major surgery. Br J Surg 
1992; 79: 757-760. 
16 HELLE M et aL Functional discrimination between interleukin 6 
and interleukin 1. Eur J ImmunoI 1988; 18: 1535-1540. 
17 SAKAMOTO K et aI. Elevation of circulating interleukin-6 after 
surgery: factors influencing the serum level. Cytokine 1994; 6: 
181-186. 
18 CABIE A, EARKAS JC, EITTING C, LAURIAN C, CORMIER C, CARLET 
Jet al. High levels of portal TNE-a during abdominal aortic 
surgery in man. Cytokine 1993; 5: 448-453. 
Eur I Vasc Endovasc Surg Vol 15, May 1998 
Responses to AAA Repair 405 
19 MARANO MA, FONG Y, MOLDAWER LL, WEI H, CALVANO SEet 
al. Serum cachectin/tumor necrosis factor in critically ill patients 
with burns correlates with infection and mortality. Surg Gynecol 
Obstet 1990; 170: 32-38. 
20 RAo PN, DUBE DA, WEIGHTMAN NC, OPPENHEIM BA, MORRIS J. 
Prediction of septicaemia following endourological manipulation 
for stones in the upper urinary tract. J UroI 1991; 146: 955-960. 
21 ROKKE O, REUHAUG A, SELJELID R, REKVIG O. The synergistic 
effect of trauma and infection on interleukin-1 but not tumor 
necrosis factor liberation during posttraumatic gram-negative 
septicaemia. Eur Surg Res 1993; 25: 1-10. 
22 TSUKADA K, KATO H, SHIO}IMA M, SUZUKI T, TAKENOSt-IITA S et 
al. Concentration ofcytokines in peritoneal f uid after abdominal 
surgery. Eur J Surg 1993; 159: 475-479. 
23 BAIGRIE RJ, LAMONT PM, WHITING S, MORRIS PJ. Portal endotoxin 
and cytokine responses during abdominal aortic surgery. Am J 
Surg 1993; 166: 248-251. 
24 SWARTBOL P, P~KRSSON H, TRUEDSON L, SJOHOLM A, NORGREN L. 
Aorto-bifemoral surgery induces complement activation and 
release of interleukin-6 (IL-6) but not tumor necrosis factor-alpha 
(TNF-~). Cardiovasc Surg 1996; 4: 483-491. 
25 SWARTBOL P~ NORGREN L, ALBRECHITSSON U, CWIKIEL W, JAHIR Jet 
aL Biological responses differ considerably between endovascular 
and conventional ortic aneurysm surgery. Eur J Vasc Endovasc 
Surg 1996; 12: 18-25. 
26 BREWSTER DC, FRANKLIN DP, CAMBRIA RE, DARLING RC, MON- 
CURE AC, LAMURALGLIA GM et al. Intestinal ischemia com- 
plicating abdominal aortic surgery. Surg 1991; 109: 447-454. 
27 COLETTI LM et aL Role of tumor necrosis factor-alpha in the 
pathophysiologic alterations after hepatic ischemia/reperfusion 
injury in the rat. f Clin hzvest 1990; 85: 1936-1943. 
28 ROUMEN RMH, FRILLING JTM, v TITS MWHJ, VD VLIET JA, GORIS 
RJA. Endotoxemia fter major vascular operations. J Vasc Surg 
1993; 18: 853-857. 
29 SOONG CV, BLAIR PHB, HALLIDAY MI, McCAIGGUE MD, 
CAMPBELL GR, HOOD JM et al. Endotoxemia, the generation of 
the cytokines and their relationship to intramucosal cidosis of 
the sigmoid colon in elective abdominal aortic aneurysm repair. 
Eur J Vasc Surg 1993; 7: 534-539. 
30 WAAGE A, BRANDTZAEG P, HALSTENSEN A, KIERULE P, ESPEVIK 
T. The complex pattern of cytokines in serum from patients with 
meningococcal septic shock. J Exp Med 1989; 169: 333-338. 
31 BJORCK M, BERGQVIST D, TROJANS T. Incidence and clinical pre- 
sentation of bowel ischemia fter aortoiliac surgery ± 2930 op- 
erations from a population-based study in Sweden. Eur J Vasc 
Endovasc Surg 1996; 12: 139-144. 
32 LANNERSTAD O, BERGENTZ S-E, BERGQVIST D, TAKOLANDER R. 
Ischemic intestinal complications after aortic reconstructive sur- 
gery. Acta Chir Scand 1985; 151: 599-602. 
33 BJORCK M, HEDBERG B. Early detection of major complications 
after aortic surgery: predictive value of sigmoid colon and gastric 
intramucosal pH monitoring. Br J Surg 1994; 81: 25-30. 
34 FIDDIAN-GREEN RG, AMELIN PM, HERRMANN JB, AROUS E, 
CUTLER BS, SCHIEDLER Met  al. Prediction of the development 
of sigmoid ischemia on the day of aortic operations. Arch Surg 
1986; 121: 654-658. 
35 FIDDIAN-GREEN RG, NELSON MG Transient episodes of sigmoid 
ischemia nd their relation to infection from intestinal organisms 
after abdominal aortic operations. Crit Care Med 1987; 15: 835-839. 
36 BERGOVSK'~ EH. Determination of tissue 02 tensions by hollow 
visceral tonometers. Effects of breathing enriched 02 mixtures. 
J Clin Invest 1964; 43: 193-200. 
37 CATY MS, GuIcE KS, OLDHAM KT, REMICK DG, KUNKEL SI. 
Evidence for tumor necrosis factor-induced pulmonary vascular 
injury after intestinal ischemia reperfusion i jury. Ann Surg 1990; 
212: 694-700. 
38 BITTERMAN H, KINARTY A, LAZAROVICH H, LAHAT N. Acute 
release of cytokines is proportional to tissue injury induced by 
surgical trauma and shock in rats. J Clin Immunol 1991; 11: 
184-192. 
39 SAKR MFet al. FK 506 pre-treatment is associated with reduced 
levels of tumor necrosis factor and interleukin 6 following hepatic 
ischemia/reperfusion. J Hepatol 1993; 17: 301-307. 
40 SEEKAMP A, WARD PA. Ischemia-reperfusion njury. Agents Ac- 
tions Suppl 1993; 41: 137-152. 
41 SEEKAMP A, WARREN JS, REMICK DG, TILL GO, WARD PA. 
Requirements for tumor necrosis factor-alpha nd interleukin-1 
in limb ischemia/reperfusion njury and associated lung injury. 
Am J Pathol 1993; 143: 453-463. 
42 GERARD PP, DEL V~CCHIO PJ, HORGAN MJ, MALIK AB. Release 
of tumor necrosis factor after pulmonary artery occlusion and 
reperfusion. Am Rev Respir Dis 1993; 147: 143-147. 
43 Nos~ PS. Cytokines and reperfusion injury. J Card Surg 1993; 
8(Suppl.): 305-308. 
44 SQUADRITO F~ SAITTA A, ALTAVILLA D, CAMEO GM, IOCULANO 
Met  al. Tumor necrosis factor in myocardial ischemia and 
reperfusion. Cardiologia 1993; 38: 45-51. 
45 YOUKER K, SMITH CW, ANDERSSON DC, MILER D, MICHAEL LH 
et aL Neutrophil adherence to isolated adult cardiac myocytes. 
J Clin h~vest 1992; 89: 602-609. 
46 SWARTBOL P, TRUEDSON L, PKRSSON H, NORGREN L. Tumor 
necrosis factor-~ and interleukin-6 release from white blood 
cells induced by different graft materials in vitro is affected by 
pentoxifylline and iloprost. Blood-graft interactions, Bulletin No. 
106; Department of Surgery, Lund University, Lund, Sweden, 
1996. 
47 SCHLICHTING E, GROTMOL T, Ki~HtLER H, NASS O, STEINBAKK M, 
LYBERG T. Alterations in mucosal morphology and permeability, 
but no bacterial or endotoxin translocation takes place after 
intestinal ischemia nd early reperfusion in pigs. Shock 1995; 3: 
116-124. 
48 FROON AHM, GREVE J-WM, v D LINDEN CJ, BUURMAN WA. 
Increased concentrations of cytokines and adhesion molecules 
in patients after repair of abdominal aortic aneurysm. Eur J Surg 
1996; 162: 287-296. 
49 OHZATO H, YOSHIZAKI K, NISHIMOTO N, OGATA A, TAGOH H, 
MONDEN Met al. Interleukin 6as a new indicator of inflammatory 
status: detection of serum levels of interleukin 6 and C-reactive 
protein after surgery. Surg 1992; 111: 201-209. 
50 THOMPSON MM, NASIM A, SAYERS RD, THOMPSON J, SMITH 
Get  al. Oxygen free radical and cytokine generation during 
endovascular and conventional aneurysm repair. Eur J Vasc 
Endovasc Surg 1996; 12: 70-75. 
Accepted 4 November 1997 
Eur J Vasc Endovasc Surg Vol 15, May 1998 
